Background: Tuberculosis is currently the world's leading cause of death arising from a single infectious condition. While T cell mediated immunity is recognized to have a major contribution to tuberculosis activation, the present investigation confirmed that TB was more prevalent among patients with acute myeloid rather than lymphoid leukemia and such association was frequently overlooked. The primary objective of this study is to estimate the diagnostic delay of tuberculosis among patients with acute myeloid leukemia (AML) and compare it to the general population in Qatar. Secondary objective is to study the clinical and epidemiologic characteristics of tuberculosis in patients with AML. Methods: This is a retrospective study of tuberculosis cases diagnosed in subjects with AML during the period from January 2008 till December 2016. Results: Among 215 subjects with AML identified during the study period, 12 (5.58%) received the diagnosis of tuberculosis. The estimated incidence of tuberculosis among AML cases was 7.14 cases per 1000 per year. The mean delay in diagnosis of tuberculosis was 64.2 days (95% CI: 26.8 -101.5) and the median was 45 days (interquartile range; Q1 -Q3, 29.5 -97.5). Prolonged fever was the most common presentation (100% of cases). Parenchymal lung involvement was the most common radiologic abnormality (83.3% of cases). Three patients (25%) died and 8 patients completed 9 to 12 months of anti-tuberculous treatment with clinical and radiological remission. Conclusion: Infections caused by Mycobacterium tuberculosis are not How to cite this paper: El Omri, H., Taha, R., Ibrahim, W., Kassem, N., Szabados, L., El Sabah, H., Abid, F.B., Gamiel, A., Al Khinji, A., Szmeigielski, W., Hasan, S. and Al Hijji, I. (2018 
Introduction
Tuberculosis (TB) is known to be one of the deadliest diseases of mankind, posing a major burden on global health phenomena, primarily in the low and middle income countries [1] [2] . TB is one of the first and most studied infectious disease, as evident from the contributions of Robert Koch more than 100 years ago.
Evolution: TB is caused by members of the specie Mycobacterium tuberculosis complex (MTBC), which includes: Mycobacterium tuberculosis (Mtb), the etiologic agent of TB in humans; M. africanum, that causes TB in humans only in certain regions of Africa; M. bovis, M. caprae and M. pinnipedii, causing TB in wild and domesticated mammals; M. microti, that causes TB only in voles.
The World Health Organization (WHO) has estimated that one-third of the total world population is latently infected with M. tuberculosis and 5% -10% of the infected individuals will develop active TB during their life time [3] [4] . However, the risk of developing active disease is 5% -15% every year and lifetime risk is ~50% in HIV co-infected individuals [4] [5] . Most of the active disease cases in low TB incidence countries arise from this pool of latently infected individuals. The highest incidence rate (363 per 100,000 population) was recorded for the African region, mainly due to high prevalence of HIV infection. The six most populous countries of Asia (China, India, Indonesia, Pakistan, Bangladesh, and Philippines) accounted for >50% of all TB cases worldwide. An estimated 1.37 million (15%) of incident TB cases in 2007 were co-infected with HIV. Nearly 80% of the HIV-infected TB patients were living in the African region [4] . Globally, 13.7 million total prevalent TB cases were recorded in 2007 corresponding to 206 cases per 100,000 population that resulted in 1.756 million deaths (including 456,000 among TB patients co-infected with HIV) [4] .
Tuberculosis can precede or occurs simultaneously or during treatment of HM (Haematological malignancies) [6] . The timing of TB reactivation or development in patients with HM is not clear. Reactivation could result from impaired immunity by underlying HM and/or chemotherapy induced immunosuppression. Patients with HM have an underlying immunological deficiency that facilitates the emergence of infections [7] . Alteration of T-helper (Th1) cell response of the hemopathy itself or that caused by anti-neoplastic chemotherapy or hematopoietic stem cells transplantation (frequently associated to administration of high doses of corticosteroids) lead to an impaired immune response that particularly promote the progression from latent to active TB. The risk of developing TB varies and depending on the type of HM.
The high incidence of TB in AML (Acute Myeloid Leukemia) was explained by alteration of neutrophil function and neutropenia [8] [9] [10] . Neutrophils are the critical components of innate immunity being the most abundant immune cells in the circulation; they provide immune protection against invading pathogens but can also promote certain inflammatory diseases [10] [11] . The neutrophils play integral part in defense mechanism against TB. The estimated prevalence of TB in AL (Acute Myeloid Leukemia) varies between 3 -4/1000 new cases, in western countries [12] 
Latent Tuberculosis Infection
Latent tuberculosis infection (LTBI) in which the tubercle bacillus resists the bactericidal mechanisms of alveolar macrophages, without causing the disease [18] [19] . In this situation, the immune response is able to contain the bacillus, but not to eliminate it. The aim of diagnosing LTBI in patients with HM is the early detection of infection by M. tuberculosis while still in the latent phase, so treatment can be undertaken that eliminates the bacillus before the immune conditions deteriorate and the risk of TB reactivation increases.
Currently, there are three commercial diagnostic tests for LTBI: the Tuberculin Skin Test (TST), which for decades was the only method for detecting TB infection, and two techniques introduced relatively recently that are based on the detection of interferon-gamma (IFN-G) released from sensitized lymphocytes against specific antigens of M. tuberculosis: Quantiferon®-TB Gold in-Tube (QFT) and T-SPOT®.TB (T-SPOT). These are all indirect methods of measuring infection by M. tuberculosis, as they detect the existence of an immune response against the bacillus as a surrogate marker of infection [20] .
TB remains a common healthcare problem in the state of Qatar with an estimated incidence rate of 41/100,000 inhabitant as reported in 2012, majority of them are non-Qatari and represents the labor force coming from eastern Asian countries [21] . The following table (Table 1 ) gives a brief overview of incidence and prevalence of TB in different countries, as per studies undertaken earlier:
The primary objective of this study was to estimate the diagnostic delay of TB among adult patients with acute myeloid leukemia (AML) and to compare it with that of general population of Qatar. The secondary objective was to study the clinical and epidemiologic characteristics of TB in patients with AML. Descriptive statistics were used to summarize demographic and all other clinical characteristics of the participants. The mean delay with 95% confidence interval (CI) and the median delay with interquartile range (Q1 -Q3) were calculated.
Patients and Methods
All statistical analyses were done using Statistical Packages SPSS-22 (SPSS Inc., Chicago, IL, USA).
Results
In the present investigation, the estimated incidence of TB in AML was found to be around 7.14 cases per 1000 per year, as compared to reports of 2012, where an estimated incidence rate of TB was calculated as 41/100,000 inhabitants. Majority of patients represent the Non Qatari labor force coming from east Asian countries [21] , as clearly indicated in the present study, as per patient demographic details (Table 2) . Case detection rate in the National Reference Laboratory in Qatar, as per National TB program exceeds 70%. The incidence of TB in our study was 5.58% (12/215) which is comparable to Indian studies 5.7% [17] .
The neutrophils play integral part in defense mechanism against TB. This result was consistent with our study supporting the important role of neutrophils in the defense against TB infection. [28] .
In the present study, TB diagnosis was markedly delayed in Patient No. 1, 2, 3 and 9 due to confounding factors like bacterial and fungal infections that were concomitantly detected .Moreover the radiologic pattern was atypical. Patient no. 9 had fatal outcome due to co-infection with Candidiasis. In the remaining patients the challenge was regarding initiating anti-leukemia chemotherapy in active TB setting where drug-drug interactions and risk to the medical staff and other patients in the leukemia floor. Table 3 summarizes all details of diagnosis and results among the tested patients:
Diagnosis
The diagnosis of active PTB is a major challenge; such patients characteristically demonstrate an atypical radiographic pattern [22] , like middle and lower lung lobes involvement, absence of cavity formation, presence of lymphadenopathy (LAD) and pleural effusion or miliary pattern [29] . The chest X-ray is usually normal because of attenuation of inflammatory signs by neutropenia. In the current study, 10 out of 12 patients had a normal chest X-ray. The CT-scan and MRI are the modalities of choice for the evaluation of specific body parts. CT is more sensitive than plain radiography in the detection and characterization of both parenchymal disease and mediastinal LAD [30] .
In the current study, the most common radiologic findings were lung involvement in 83% of cases, mediastinal LAD 66% with central necrosis in 38% of these cases; hepato-splenic hypodense lesions in 33% and peritoneal involvement in 16% (Tables 4-5 ; Figures 1-3 • Chest X-ray: normal • CT-scan: Mediastinal lymph nodes, absence of lung infiltration.
10 AML/MDS with monosomy 7 revealed by fever and anemia symptoms.
• Chest X-ray: normal • Chest X-ray: Lung consolidation • CT scan: Multiple lung consolidations and infiltration, mild pleural effusion, multiple tiny nodulariies within both lungs. Axillary LN. showed high uptake and multi-organ involvement in the abdomen and absence of uptake in mediastinal lymph nodes (LNs) supporting histopathology results.
In the other patients it showed the spread of the disease (Figure 4 ).
Diagnosis of active TB relies on the detection of MT by culture or molecular biology techniques [32] . In our study, TB diagnosis was confirmed in nine cases, probable in two and possible in one. There were absence of resistance to anti-TB medications and such finding was reported in Abu Khattab et al. where low incidence of multi-drug resistant TB in Qatar was found 1.2%.
We performed TB screening by Quantiferon®-TB Gold In-Tube .This test has high sensitivity and specificity 75% and 81% respectively [33] . In our study it was reported positive in 67% of patients.
This is the first study to address the delay in diagnosis of TB and its clinico-radiologic findings among patients with AML in the State of Qatar; however the limitation of this study is the small number of AML patients diagnosed with TB and being a retrospective cohort. 
Discussion
The estimated prevalence of TB in AL varies between 3 -4/1000 new cases, in western countries [12] that patients with AML rather than lymphoma had a higher rate of MT disease [14] . Chen et al. [26] found that patients with AML in Thailand had significantly high incidence of TB than other sub-types of HM (2.87% versus 1.21%). TB disease might be evaluated as an important differential diagnosis for patients with AML suffering from febrile neutropenia especially in a TB endemic area like our patients; however such correlation was not found in our ALL patients.
The diagnosis of active PTB highlights an atypical radiographic pattern. In our study, the most common radiologic findings, were lung involvement in 83% of cases, mediastinal LAD 66% with central necrosis in 38% of these cases; hepato-splenic hypodense lesions in 33% and peritoneal involvement in 16%. Chen et al. [26] found that most of their patients with HM and PTB had concomitant 
Conclusion
There is a significant delay in the diagnosis of TB among patients with AML as compared to general population, suggesting that TB in such patients may constitute a diagnostic challenge. our study illustrated that TB should be included in the extended clinico-radiologic differential diagnosis of febrile neutropenia and in patients with persistent fever after neutropenia recovesry even if fever is being explained by other reasons, particularly in regions with high prevalence of TB.
We also highlighted the importance of screening for latent TB in patients with AML. Vigilance to this condition is of at most importance because of its implication on safety of the health care providers and other patients in the hematology floors.
